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(57) ABSTRACT

A gas turbine engine includes a fan driven by a fan drive
turbine through a gear reduction. An o1l pump 1s driven by
a main mnput gear, and the main imnput drive gear rotates when
the fan rotor rotates. A gear train 1s mtermediate the main
input gear and the o1l pump. The gear train includes a
forward input gear and a reverse iput gear, each driven by
the main mput gear. The forward input gear drives a forward
pinion gear through a first clutch and the reverse input gear
drives a reverse pinion gear through a reverse clutch. The
forward clutch transmits rotation from the forward input
gear to the forward pinion gear when the fan 1s rotating 1n
a first direction, and not transmitting rotation from the
forward 1nput gear to the forward pinion gear when the fan
1s rotating 1n a second opposed direction. The reverse clutch
transmits rotation from the reverse mput gear to the reverse
pinion gear when the fan 1s rotating in the second opposed
direction, and not transmitting rotation from the reverse
input gear to the reverse pinion gear when the fan 1s rotating
in the first direction. One of the forward and reverse pinion
gears drive a pump drive gear, to, 1n turn, drive the pump.

14 Claims, 4 Drawing Sheets
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WINDMILL LUBRICATION GEAR TRAIN
FOR LUBRICANT SYSTEM IN A GEARED
GAS TURBINE ENGINE

BACKGROUND

This application relates to the provision of a gear train for
driving an o1l pump to supply o1l to a gear reduction 1n a gas
turbine engine, wherein windmill rotation 1n either direction
will cause the gear train to supply o1l to the gear reduction.

(as turbine engines are known and typically include a fan
delivering air into a bypass duct as bypass air and 1nto a core
engine. Air 1n the core engine 1s delivered to a compressor
where 1s 1t compressed and delivered into a combustor
section. The compressed air 1s mixed with fuel and 1gnited
and products of this combustion pass downstream over
turbine rotors, driving them to rotate.

Historically, a turbine rotor was directly connected to
drive the fan. However, recently 1t has been proposed to
include a gear reduction between the turbine and the fan
rotor.

The gear reduction requires adequate lubrication under all
operational conditions. One challenge 1s that a fan rotor on
a gas turbine engine can experience so-called “windmilling”
operation. Windmilling can occur 1 the engine 1s otherwise
shutdown while 1n flight and air 1s driven across the fan
blades by the movement of the associated aircraft. This can
cause the fan rotor to rotate. In addition, a high wind while
the associated aircrait 1s on the ground can also cause
windmilling.

Lubricant must be supplied to the gear reduction during
this windmilling operation, and a challenge 1s that the
windmill rotation of the fan rotor can occur in either
direction.

While gear trains are known which supply rotation in
either direction of windmill rotation, they require relatively
large package space.

SUMMARY

In a featured embodiment, a gas turbine engine includes
a Tan driven by a fan drive turbine through a gear reduction.
An o1l pump 1s driven by a main mput gear, and the main
input drive gear rotates when the fan rotor rotates. A gear
train 1s intermediate the main 1nput gear and the o1l pump.
The gear train includes a forward mput gear and a reverse
input gear, each driven by the main input gear. The forward
input gear drives a forward pinion gear through a first clutch
and the reverse mput gear drives a reverse pinion gear
through a reverse clutch. The forward clutch transmits
rotation from the forward input gear to the forward pimion
gear when the fan 1s rotating 1n a first direction, and not
transmitting rotation from the forward mput gear to the
forward pinion gear when the fan 1s rotating in a second
opposed direction. The reverse clutch transmits rotation
from the reverse mput gear to the reverse pinion gear when
the fan 1s rotating 1n the second opposed direction, and not
transmitting rotation from the reverse input gear to the
reverse pinion gear when the fan 1s rotating in the first
direction. One of the forward and reverse pinion gears drive
a pump drive gear, to, 1n turn, drive the pump.

In another embodiment according to the previous embodi-
ment, the reverse pinion gear i1s driving the pump drive gear
through a reverse idler gear.

In another embodiment according to any of the previous
embodiments, the first and second clutches are sprag
clutches.
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In another embodiment according to any of the previous
embodiments, an outer peripheral surface of the pump drive
gear 1s within an envelope of an outer peripheral surface of
the main 1nput gear as defined 1n a plane perpendicular to an
axis of rotation of the main 1mput gear.

In another embodiment according to any of the previous
embodiments, the outer peripheral surface of the pump drive
gear 1s entirely intermediate an outer peripheral surface of
the forward drive gear and an outer peripheral surface of the
reverse drive gear.

In another embodiment according to any of the previous
embodiments, the pump has an outer peripheral surface
which 1s entirely intermediate the outer peripheral surfaces
of the forward and reverse mput gears.

In another embodiment according to any of the previous
embodiments, an axis of rotation of the pump drive gear 1s
intermediate axes of rotation of the reverse mput gear and
the forward input gear.

In another embodiment according to any of the previous
embodiments, the outer peripheral surface of the pump drive
gear 1s entirely intermediate an outer peripheral surface of
the forward drive gear and an outer peripheral surface of the
reverse drive gear.

In another embodiment according to any of the previous
embodiments, the pump has an outer peripheral surface
which 1s entirely intermediate the outer peripheral surfaces
of the forward and reverse mput gears.

In another embodiment according to any of the previous
embodiments, an axis of rotation of the pump drive gear 1s
intermediate axes of rotation of the reverse mput gear and
the forward input gear.

In another embodiment according to any of the previous
embodiments, the pump has an outer peripheral surface
which 1s entirely imtermediate the outer peripheral surfaces
of the forward and reverse input gears.

In another embodiment according to any of the previous
embodiments, an axis of rotation of the pump drive gear 1s
intermediate axes of rotation of the reverse mput gear and
the forward iput gear.

In another embodiment according to any of the previous
embodiments, an axis of rotation of the pump drive gear 1s
intermediate axes of rotation of the reverse mput gear and
the forward mnput gear.

In another embodiment according to any of the previous
embodiments, the auxiliary oil system being operable to
allow the engine to operate under windmill conditions 1n the
air for 90 minutes or longer.

In another embodiment according to any of the previous
embodiments, the auxiliary oil system being operable to
operate indefinitely on the ground when windmilling with
wind speeds below 85 mph or less.

In another embodiment according to any of the previous
embodiments, the auxiliary o1l system being operable to tly
with the engine 1n an aircraft under negative gravity condi-
tions for at least 20 seconds.

In another embodiment according to any of the previous
embodiments, the auxiliary o1l system being operable to tly
with the engine 1n an aircraft under negative gravity condi-
tions for at least 20 seconds.

In another embodiment according to any of the previous
embodiments, the auxiliary oil system being operable to
operate indefinitely on the ground when windmilling with
wind speeds below 85 mph or less.

In another embodiment according to any of the previous
embodiments, the auxiliary oil system being operable to
operate indefinitely on the ground when windmailling with
wind speeds below 85 mph or less.
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In another embodiment according to any of the previous
embodiments, the auxiliary o1l system being operable to fly
with the engine 1n an aircraft under negative gravity condi-
tions for at least 20 seconds.

These and other features may be best understood from the
following drawings and specification.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows a gas turbine engine.

FIG. 2 shows a gear train.

FIG. 3 shows rotation 1n a first direction.

FIG. 4 shows rotation in a reverse direction of the gear
connection.

FIG. 5A shows a drive connection.
FIG. 5B shows a clutch detail

DETAILED DESCRIPTION

FIG. 1 schematically illustrates a gas turbine engine 20.
The gas turbine engine 20 1s disclosed herein as a two-spool
turbofan that generally incorporates a fan section 22, a
compressor section 24, a combustor section 26 and a turbine
section 28. The fan section 22 drives air along a bypass tlow
path B 1n a bypass duct defined within a nacelle 15, and also
drives air along a core flow path C for compression and
communication into the combustor section 26 then expan-
sion through the turbine section 28. Although depicted as a
two-spool turbofan gas turbine engine in the disclosed
non-limiting embodiment, it should be understood that the
concepts described herein are not limited to use with two-
spool turbofans as the teachings may be applied to other
types of turbine engines including three-spool architectures.

The exemplary engine 20 generally includes a low speed
spool 30 and a high speed spool 32 mounted for rotation
about an engine central longitudinal axis A relative to an
engine static structure 36 via several bearing systems 38. It
should be understood that various bearing systems 38 at
various locations may alternatively or additionally be pro-
vided, and the location of bearing systems 38 may be varied
as appropriate to the application.

The low speed spool 30 generally includes an inner shaft
40 that interconnects a first (or low) pressure compressor 44
and a first (or low) pressure turbine 46. The inner shait 40
1s connected to a fan 42 through a speed change mechanism,
which 1 exemplary gas turbine engine 20 1s illustrated as a
geared architecture 48 to drive the fan 42 at a lower speed
than the low speed spool 30. The high speed spool 32
includes an outer shaft 50 that interconnects a second (or
high) pressure compressor 52 and a second (or high) pres-
sure turbine 54. A combustor 56 1s arranged 1n exemplary
gas turbine 20 between the high pressure compressor 52 and
the high pressure turbine 54. A mid-turbine frame 57 of the
engine static structure 36 may be arranged generally
between the high pressure turbine 54 and the low pressure
turbine 46. The mid-turbine frame 57 further supports bear-
ing systems 38 in the turbine section 28. The inner shafit 40
and the outer shaft 50 are concentric and rotate via bearing
systems 38 about the engine central longitudinal axis A
which 1s collinear with their longitudinal axes.

The core airflow 1s compressed by the low pressure
compressor 44 then the high pressure compressor 52, mixed
and burned with fuel in the combustor 56, then expanded
over the high pressure turbine 54 and low pressure turbine
46. The mid-turbine frame 57 includes airfoils 59 which are
in the core airflow path C. The turbines 46, 34 rotationally
drive the respective low speed spool 30 and high speed spool
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32 1n response to the expansion. It will be appreciated that
cach of the positions of the fan section 22, compressor
section 24, combustor section 26, turbine section 28, and fan
drive gear system 48 may be varied. For example, gear
system 48 may be located aft of the low pressure compres-
sor, or aft of the combustor section 26 or even atft of turbine
section 28, and fan 42 may be positioned forward or aft of
the location of gear system 48.

The engine 20 in one example 1s a high-bypass geared
aircraft engine. In a further example, the engine 20 bypass
ratio 1s greater than about six (6), with an example embodi-
ment being greater than about ten (10), the geared architec-
ture 48 1s an epicyclic gear train, such as a planetary gear
system or other gear system, with a gear reduction ratio of
greater than about 2.3 and the low pressure turbine 46 has a
pressure ratio that 1s greater than about five. In one disclosed
embodiment, the engine 20 bypass ratio 1s greater than about
ten (10:1), the fan diameter 1s significantly larger than that
of the low pressure compressor 44, and the low pressure
turbine 46 has a pressure ratio that 1s greater than about five
5:1. Low pressure turbine 46 pressure ratio 1s pressure
measured prior to inlet of low pressure turbine 46 as related
to the pressure at the outlet of the low pressure turbine 46
prior to an exhaust nozzle. The geared architecture 48 may
be an epicycle gear train, such as a planetary gear system or
other gear system, with a gear reduction ratio of greater than
about 2.3:1 and less than about 5:1. It should be understood,
however, that the above parameters are only exemplary of
one embodiment of a geared architecture engine and that the
present mvention 1s applicable to other gas turbine engines
including direct drive turbofans.

A significant amount of thrust 1s provided by the bypass
flow B due to the high bypass ratio. The fan section 22 of the
engine 20 1s designed for a particular flight condition—
typically cruise at about 0.8 Mach and about 35,000 feet
(10,668 meters). The flight condition of 0.8 Mach and
35,000 1t (10,668 meters), with the engine at 1ts best fuel
consumption—also known as “bucket cruise Thrust Specific
Fuel Consumption (“ITSFC’)’"—is the industry standard
parameter of lbm of fuel being burned divided by Ibf of
thrust the engine produces at that minimum point. “Low fan
pressure ratio” 1s the pressure ratio across the fan blade
alone, without a Fan Exit Guide Vane (“FEGV”) system.
The low fan pressure ratio as disclosed herein according to
one non-limiting embodiment 1s less than about 1.45. “Low
corrected fan tip speed” 1s the actual fan tip speed in ft/sec
divided by an industry standard temperature correction of
[(Tram °R)/(518.7°R)]°~. The “Low corrected fan tip speed”
as disclosed herein according to one non-limiting embodi-
ment 1s less than about 1150 ft/second (3350.5 meters/
second).

FIG. 2 shows a gear train 99 for driving an o1l pump 112.
It should be understood the o1l pump could be a main
lubricant pump for a main lubricant system, or could be an
auxiliary pump for an auxiliary system.

Some details of the overall lubricant system such as
disclosed in published United States Patent Application No.
US2017/0002738 may be utilized. As explained in that
application, 1t 1s desirable for a lubricant system to provide
lubricant to a gear reduction, such as gear reduction 48 1n
FIG. 1, under certain adverse conditions.

As one example, 1f there 1s a break or interruption 1n a
main o1l supply system, 1t would be desirable for the engine
to be able to maintain operation for at least 30 seconds or
longer at high power operation (such as takeoil) without
damage to the gear reduction. This will provide time for a
pilot to shut the engine down safely. Such an interruption
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could be caused by a break 1n an o1l line, pump failure, or
other failure 1n the main lubrication system.

After such an event, 1t 1s desirable to allow the engine to
windmill 1n the air for 90 minutes or longer without damage
to the gear reduction. It 1s also desirable to have the same
protection 1f the engine i1s shut down for other reasons
beyond o1l system failure. As an example, a control system
tailure could shut the engine down and require 1t to windmaill
for extended periods of time.

It 1s also desirable to allow the engine to windmuill
indefinitely on the ground with wind speeds above 10 m.p.h.
and below about 85 m.p.h. Ground windmilling refers to a
condition where the engine 1s shut down. Wind may force
the fan to rotate and turn causing components, such as
components 1n the gear reduction to rotate. Such wind can
turn the fan in a normal forward direction and also can turn
the fan 1 a reverse direction should the wind tlow from the
back of the engine.

Finally, 1t 1s desirable to allow an aircraft to fly under
negative gravity conditions for at least 20 seconds. During,
negative gravity conditions, the main o1l system 1s inter-
rupted similar to the first mentioned condition, but when
positive gravity 1s returned, the main o1l system may recover
to full operation. To this end, the schematic pump of this
disclosure may be arranged as a lubricant system as dis-
closed 1n U.S. Published Patent Application No. US 2017/
0002738, the disclosure of which 1s incorporated by refer-
ence.

The previously cited published patent application pro-
vides an overall main and auxiliary o1l supply system which
can meet all of these goals. The features of the application
relating to achieving these goals are hereby incorporated by
reference.

This application 1s related to a gear train for efliciently
packaging a drive that can ensure the o1l pump will supply
o1l when experiencing windmilling 1 either forward or
reverse rotation.

FIG. 2 shows a gear train 99 which will drive lubricant
pump 112, when an associated fan rotor i1s windmilling in
either direction. A gear 100 1s fixed to rotate with the fan
rotor. It may actually be driven by a portion of the gear
reduction, by the fan shatt itself, or by some other compo-
nent which rotates with the fan shaft, such as the low speed
spool as disclosed with regard to FIG. 1.

Gear 100 15 engaged to drive a forward 1mput gear 102 and
a reverse input gear 104. Gear 102 drives a pinion gear 103
through a clutch 101. These gears rotate about an axis of
rotation N. The reverse input drive gear 104 drives a reverse
pinion gear 107 through a clutch 105. These gears rotate
about an axis of rotation Y.

The forward pimion gear 103 drives a pump drive gear 106
about an axis of rotation Z. The reverse pimon gear 107
drives a reverse 1dler 108 which 1s, 1n turn, engaged to the
pump drive gear 106.

As can be appreciated from this figure, the main input
drive gear 100 has an outer peripheral extent 124. The pump
drive gear 106 has an outer peripheral surface 118. The outer
peripheral surface of gear 106 1s within the envelope of the
outer peripheral surface 124 as defined 1n a plane perpen-
dicular to the axis of rotation M. Similarly, the axis of
rotation 7Z 1s intermediate the axes of rotation N and Y.
Further, the outer peripheral surtface 118 1s entirely interme-
diate the outer peripheral surface 120 of the forward drive
gear 102 and the outer peripheral surface 122 of the reverse
drive gear 104. This 1s again defined 1n the plane mentioned
above perpendicular to the axis of rotation M.
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With this arrangement, the pump can be packaged n a
more compact space than has been the case 1n the prior art.

FIG. 3 shows details of the gear train 99 when the fan 1s
being driven in 1ts forward or normal flight direction of
rotation. With such rotation, clutch 105 will slip such that the
input gear 104 does not drive the reverse pinion gear 107.

At the same time, the clutch 101 drives the forward pinion
gear 103 which, i turn, drives the pump gear 106. An
associated shait 110 drives the pump 112. The pump 112 has
an outer peripheral surface 116 which 1s entirely intermedi-
ate the outer peripheral surfaces 120 and 122 of the forward
and reverse mput gears 102 and 104.

The pump 112 1s shown connected to a line 114 which will
supply o1l to the gear reduction.

FIG. 4 shows the gear train when the fan 1s driven 1n 1ts
reverse direction. At this point, the clutch 101 waill slip and

the clutch 105 will dnive.

FIG. 5A shows details of the forward drive gear 102, the
forward pinion 103, and the clutch 101. As shown, a shaft
130 of the forward pinion gear 103 1s within the clutch 101,
and the forward input gear 102 1s radially outward of the
clutch 101.

As shown i FIG. 3B, sprag clutch members 132 will
transmit rotation from the gear 102 to the shaft 130 when
driven 1n the forward direction. However, as known, when
rotation occurs 1n the reverse direction, such rotation will not
be transmitted by the members 132. While a sprag clutch 1s
shown, other mechanical clutches that transmit rotation 1n
one direction, but prohibits the transier of torque in the
opposed direction. As other examples, ramp roller clutches
and spring clutches may be used.

The clutch 105 will operate 1n the same manner, however,
only transmitting rotation 1n the reverse direction.

Although an embodiment of this invention has been
disclosed, a worker of ordmnary skill in this art would
recognize that certain modifications would come within the
scope of this disclosure. For that reason, the following
claims should be studied to determine the true scope and
content of this disclosure.

The mvention claimed 1s:

1. A gas turbine engine comprising;:

a fan driven by a fan drive turbine through a gear
reduction;

an o1l system including an oil pump driven by a main
input gear, and said main input drive gear rotating when
sald fan rotor rotates:

a gear train intermediate said main input gear and said o1l
pump, said gear train including a forward mmput gear
and a reverse iput gear, each driven by said main 1input
gear, said forward input gear driving a forward pinion
gear through a first clutch and said reverse input gear
driving a reverse pinion gear through a reverse clutch;

said forward clutch transmitting rotation from said for-
ward 1nput gear to said forward pinion gear when the
fan 1s rotating in a first direction, and not transmitting,
rotation from said forward input gear to said forward
pinion gear when the fan 1s rotating mn a second
opposed direction;

said reverse clutch transmitting rotation from said reverse
iput gear to said reverse pinion gear when the fan 1s
rotating in the second opposed direction, and not trans-
mitting rotation from said reverse input gear to said
reverse pimon gear when the fan 1s rotating in the first
direction;

one of said forward and reverse pinion gears driving a
pump drive gear, to, 1n turn, drive said pump;
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one of said reverse pinion gear and said forward pinion
gear driving said pump drive gear through an idler gear;
and

wherein the outer peripheral surface of said pump drive
gear 1s entirely intermediate an outer peripheral surface
of the forward mput gear and an outer peripheral
surface of the reverse mput gear.

2. The gas turbine engine as set forth in claim 1, wherein
said reverse pinion gear 1s driving said pump drive gear
through said idler gear.

3. The gas turbine engine as set forth 1n claim 1, wherein
said first and second clutches are sprag clutches.

4. The gas turbine engine as set forth 1n claim 1, wherein
an outer peripheral surface of said pump drive gear 1s within
an envelope of an outer peripheral surface of said main input
gear as defined 1n a plane perpendicular to an axis of rotation
of said main mput gear.

5. The gas turbine engine as set forth 1n claim 4, wherein
the pump has an outer peripheral surface which 1s entirely
intermediate the outer peripheral surfaces of the forward and
reverse mput gears.

6. The gas turbine engine as set forth 1 claim 5, wherein
an axis of rotation of said pump drive gear 1s intermediate
axes of rotation of said reverse mput gear and said forward
input gear.

7. The gas turbine engine as set forth 1n claim 1, wherein
the pump has an outer peripheral surface which i1s entirely
intermediate the outer peripheral surfaces of the forward and
reverse mput gears.

8. The gas turbine engine as set forth 1n claim 7, wherein
an axis of rotation of said pump drive gear 1s intermediate
axes of rotation of said reverse mput gear and said forward
input gear.

9. The gas turbine engine as set forth in claim 1, wherein
the pump has an outer peripheral surface which 1s entirely
intermediate the outer peripheral surfaces of the forward and
reverse mput gears.

10. The gas turbine engine as set forth i claim 9, wherein
an axis of rotation of said pump drive gear 1s intermediate
axes of rotation of said reverse mput gear and said forward
input gear.

11. The gas turbine engine as set forth 1n claim 1, wherein
an axis of rotation of said pump drive gear 1s intermediate
axes of rotation of said reverse mput gear and said forward
input gear.

12. A gas turbine engine comprising;

a fan driven by a fan drive turbine through a gear

reduction;

an o1l system including an o1l pump driven by a main
input gear, and said main input drive gear rotating when
said fan rotor rotates:

a gear train intermediate said main input gear and said o1l
pump, said gear train including a forward mput gear
and a reverse mput gear, each driven by said main 1input
gear, said forward mput gear driving a forward pinion
gear through a first clutch and said reverse input gear
driving a reverse pinion gear through a reverse clutch;
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said forward clutch transmitting rotation from said for-
ward mput gear to said forward pinion gear when the
fan 1s rotating 1n a first direction, and not transmitting
rotation from said forward mput gear to said forward
pinion gear when the fan 1s rotating mm a second
opposed direction;

said reverse clutch transmitting rotation from said reverse
iput gear to said reverse pinion gear when the fan 1s
rotating 1n the second opposed direction, and not trans-
mitting rotation from said reverse mput gear to said
reverse pimion gear when the fan 1s rotating in the first
direction;

one of said forward and reverse pinion gears driving a
pump drive gear, to, 1 turn, drive said pump;

one of said reverse pinion gear and said forward pinion
gear driving said pump drive gear through an idler gear;
and

wherein the pump has an outer peripheral surface which
1s entirely intermediate the outer peripheral surfaces of
the forward and reverse mput gears.

13. The gas turbine engine as set forth in claim 12,
wherein an axis of rotation of said pump drive gear 1s
intermediate axes of rotation of said reverse mput gear and
said forward input gear.

14. A gas turbine engine comprising;

a fan driven by a fan drive turbine through a gear

reduction;

an o1l system including an oil pump driven by a main
input gear, and said main input drive gear rotating when
said fan rotor rotates:

a gear train intermediate said main input gear and said o1l
pump, said gear train including a forward mmput gear
and a reverse iput gear, each driven by said main input
gear, said forward 1mput gear driving a forward pinion
gear through a first clutch and said reverse input gear
driving a reverse pinion gear through a reverse clutch;

said forward clutch transmitting rotation from said for-
ward 1nput gear to said forward pinion gear when the
fan 1s rotating 1n a first direction, and not transmitting
rotation from said forward mmput gear to said forward
pinion gear when the fan 1s rotating mm a second
opposed direction;

said reverse clutch transmitting rotation from said reverse
iput gear to said reverse pinion gear when the fan 1s
rotating in the second opposed direction, and not trans-
mitting rotation from said reverse input gear to said
reverse pimon gear when the fan 1s rotating in the first
direction;

one of said forward and reverse pinion gears driving a
pump drive gear, to, 1n turn, drive said pump;

one of said reverse pinion gear and said forward pinion
gear driving said pump drive gear through an 1dler gear;
and

wherein an axis of rotation of said pump drive gear 1s
intermediate axes of rotation of said reverse input gear
and said forward input gear.
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